The Pythagorean Theorem 
and Its Converse 


Objective To use the Pythagorean Theorem and its converse 


The squares below fit into groups of three to satisfy the 
following equation 
area of square 1 + area of square 2 = area of square 3 
Using each square only once, write an equation for each group. What is 
the relationship between the three sets of numbers? Explain. 


right triangles? 
They actually have 
more in common 
‘than meets the 


eye. 


Pahcersan called the Pythagorean Theorem. This theorem is named for Pythagoras, a Greek 


Ca Tain) The equations in the Solve It demonstrate an important relationship in right triangles 


Theorem mathematician who lived in the 500s 8.c. We now know that the Babylonians, 
Egyptians, and Chinese were aware of this relationship before its discovery 
by Pythagoras. There are many proofs of the Pythagorean Theorem. You 
will see one proof in this lesson and others later in the book. 


Mocobulary triangle, you can find the length of the third side by using the Pythagorean Theorem. 


O=.. ) Essential Understanding Ifyou know the lengths of any two sides of a right 


Pythagorean 
triple 


Theorem if... 
Ifa triangle is a right AABCisaright triangle (leg)? + (legy)? = (hypotenuse) 
triangle, then the sum B 


of the squares of the e+e=2 
lengths of the legs is 
equal to the square 


of the length of the A 6 c 
hypotenuse. 


Then. 


You will prove Theorem 8-1 in Exercise 49. 
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The Pythagorean Theorem and Its Converse 


APythagorean triple is a set of nonzero whole numbers a, b, and c that satisfy the 
equation a? + b? = c?, Below are some common Pythagorean triples. 


34,5 5, 12,13 8, 15,17 7, 24, 25 


Hfyou multiply each number in a Pythagorean triple by the same whole number, the 
three numbers that result also form a Pythagorean triple. For example, the Pythagorean 
triples 6, 8, 10, and 9, 12, 15 each result from multiplying the numbers in the tiple 3, 4, 5 
bya whole number. 


Finding the Length of the Hypotenuse 


What is the length of the hypotenuse of AABC? Do the side lengths of 
AABC form a Pythagorean triple? Explain. 


(leg)? + (legs)? = (hypotenuse)? Pythagorean Theorem 


atea2 on 
Think 212 + 20 Substitute 21 for a and 20 for b. 

ts the answer 441 + 400 = 2 Simplify 

reasonable? 

‘Yes. The hypotenuse is a4 = 2 

Estee = 29 Take the positive square root. 

cub esa ‘The length of the hypotenuse is 29. The side lengths 20, 21, and 29 form a Pythagorean 
and 21. 


{ triple because they are whole numbers that satisfy a? + b* = c?. 


Got It? 1, a. The legs of a right triangle have lengths 10 and 24, Whatis the length of 
the hypotenuse? 
b. Do the side lengths in part (a) form a Pythagorean triple? Explain. 


Plan @ Bee) Finding the Length of a Leg 
Which side lengths Algebra What is the value of x? Express your answer in simplest radical form. 


Sr bpd a@+Rad Pythagorean Theorem 20, 
Chapter 4 that the side Substitute, 

‘opposite the 90° angle 

is always the hypotenuse, Simplify * 
Spee Subtract 64 from each side, 

‘one leg. x = V336 Take the positive square root. 


x= VIG(2I) Factor out a perfect square. 
x= 4V21 Simplify. 


Got If? 2. The hypotenuse ofa right triangle has length 12. One leg has length 6, What 
is the length of the other leg? Express your answer in simplest radical form. 
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ding ubincn 


Dog Agility Dog agility courses often contain a seesaw obstacle, as shown below. To 
the nearest inch, how far above the gro 's pay 


Think 

How do you know 26? + b = 362 Substitute. 

when to use a 7 , 

calculator? 676 + F? = 1296 Simplify. 

edited w= 620 Subtract 676 from each side 

distances are not usually b = 24.8997992 Use a calculator to take the positive square root. 
expressed in radical form, 


‘The dog's paws are 25 in, above the ground. 


@ Got It? 3. ‘The size of a computer monitor is the length of its diagonal. You want to buy 
a 19-in. monitor that has a height of 11 in. What is the width of the monitor? 
Round to the nearest tenth of an inch. 


You can use the Converse of the Pythagorean Theorem to determine whether a triangle 
isa right triangle. 


Theorem If. Then 

If the sum of the squares of e+ Pac AABC isa right triangle 
the lengths of two sides of a B 

triangle is equal to the square 

of the length of the third side, a 

then the triangle is a right 

triangle. A b c 


You will prove Theorem 8-2 in Exercise 52, 
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Pl EE) Identifying a Right Triangle 
n 

ae! seaineel triangle has side lengths 85, 84, and 13. Is the triangle a right triangle? Explain. 

where each of the @+Pic Pythagorean Theorem 

side lengths goes in nm “4 2 " 

the equation? 13% + B47 2 85? Substitute 13 for a, 84 for b, and 85 for c. 
if i 5 ae 

pene, 169 + 7056 2 7225 Simplify. 

triangle, then the 7225 = 72257 

cpeeimetregemer, Yes the triangle isa right rangle because 13? + 042 = 85%. 

number for c. 


Got It? 4. a. A triangle has side lengths 16, 48, and 50. Is the triangle a 
right triangle? Explain. 
b. Reasoning Once you know which length represents the hypotenuse, 
does it matter which length you substitute for a and which length you 
substitute for b? Explain, 


‘The theorems below allow you to determine whether a triangle is acute or obtuse. These 
theorems relate to the Hinge Theorem, which states that the longer side is opposite the 
larger angle and the shorter side is opposite the smaller angle. 


Theorem os Then... 

Ifthe square of the length of the e> a+ ABC is obtuse 
longest side of a triangle is greater B 
than the sum of the squares of the 
lengths of the other two sides, then G 
the triangle is obtuse. 


€ b A 
You will prove Theorem 8-3 in Exercise 53, 


Theorem If... Then... 
Ifthe square of the length of the e<a+P AABC is acute 
longest side of a triangle is less B 

than the sum of the squares of the 

lengths of the other two sides, then a £ 


the triangle is acute. 


c 9 ry 
You will prove Theorem 8-4 in Exercise 54 
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Plan triangle has side lengths 6, 11, and 14. Is it acute, obtuse, or right? 
Compare 2 to a? + B? 


you 

You need to know how 
the square ofthe longest 
side compares to the 196 © 36 + 121 Simplify 
‘sum of the squares of the ss 

‘other two sides, tne > lee 


Substitute the greatest value for c. 


Since c? > a? + b?, the triangle is obtuse. 


@ Got It? 5. Isa triangle with side lengths 7, 8, and 9 acute, obtuse, or right? 


@ Lesson Check 


Do you know HOW? Do you UNDERSTAND? 


Whatis the value of xin simplest radical form? 5. Vocabulary Describe the conditions that a set 
of three numbers must meet in order to form 


G se = : x a Pythagorean triple. 
7 


6. Error Analysis A triangle 


9 has side lengths 16, 34, and 
3. x 4. 30. Your friend says it is not 
3 x a right triangle. Look at your 14124 
Le i friend's work and describe . 
" the error. 


ractice Algebra Find the value of x. @® See Problem 1. 
7. 8 8. x - 7 9. 
O 16 ~ 
| 4 Fr 
30 
10. 1, 12. 15 
y 2 x 
74 nn ad 
% 
16 rr 


Does each set of numbers form a Pythagorean triple? Explain. 
13.4,5,6 14. 10, 24, 26 15. 15, 20, 25 
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Algebra Find the value of x. Express your answer in simplest radical form. @ See Problem 2. 


16. 17. x 1.15 

Y Ia A 

? 7 w * 

x 

19. 20. 21. 
19 
z x 4 1of |x 
6 a 
¥ 
5 

22. Home Maintenance A painter leans a 15-ft ladder against a house. @ See Problem 3. 


‘The base of the ladder is 5 ft from the house. To the nearest tenth of a 
foot, how high on the house does the ladder reach? 


23. A walkway forms one diagonal of a square playground. The walkway is 24 m long. 
To the nearest meter, how long is a side of the playground? 


Is each triangle a right triangle? Explain. @ See Problem 4. 
24. 25. 2s 26. 
28 i ee 33 & 
= Fy 
6 
19 
‘The lengths of the sides of a triangle are given. Classify each triangle as acute, @ See Problem 5. 
right, or obtuse. 
27.4,5,6 28.0.3, 0.4, 0.6 29.11, 12,15 
30. V3, 2,3 31. 30, 40, 50 32. VI, V7,4 
Apply 33. Think About a Plan You want to embroider a square 


design. You have an embroidery hoop with a 6-in. 

diameter, Find the largest value of x so that the entire 

square will fitin the hoop. Round to the nearest tenth, 

‘© What does the diameter of the circle represent in 
the square? 

© What do you know about the sides of a square? 

‘* How do the side lengths of the square relate to the 
length of the diameter? 


34, In parallelogram RSTW, RS = 7, ST = 24, and RT = 25 
Is RSTWa rectangle? Explain. 
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35. Coordinate Geometry You can use the Pythagorean Theorem to prove the 
Distance Formula, Let points P(x, y;) and Q(x, ¥2) be the endpoints of the 
hypotenuse of a right triangle. 

a. Write an algebraic expression to complete each of the 

following: PR = _?_ and QR = _?.. 

b, By the Pythagorean Theorem, PQ? = PR? + QR?. Rewrite 
this statement by substituting the algebraic expressions you 
found for PR and QR in part (a). 

Complete the proof by taking the square root of each side of 

the equation that you wrote in part (b). 


Oxy Yo) 


° 


Pox Wi) 


Algebra Find the value of x. If your answer is not an integer, express it in 
simplest radical form. 


36. 26, 26 37%, 38. 3 
et ANS s | 
i—a— 


For each pair of numbers, find a third whole number such that 
the three numbers form a Pythagorean triple. 


39. 20,21 40. 14,48 41, 13,85. 42.12,37 


Open-Ended Find integers j and k such that (a) the two given integers and j 
represent the side lengths of an acute triangle and (b) the two given integers 
and k represent the side lengths of an obtuse triangle. 


43.4,5 44.2.4 45.6,9 46.5, 10 47.6,7 48.9, 12 


{23 Prove the Pythagorean Theorem. 
Given: AABC isa right triangle, 
Prove: a® + b? = c? 


(Hint: Begin with proportions suggested by Theorem 7-3 or 
its corollaries.) 


50. Astronomy The Hubble Space Telescope orbits 600 km above Earth's x 

surface. Earth's radius is about 6370 km. Use the Pythagorean Theorem 60 k= Sy 
to find the distance x from the telescope to Earth's horizon. Round your aD 
answer to the nearest ten kilometers. (Diagram is not to scale.) 


kn 


5 


. Prove that if the slopes of two lines have product —1, then the lines are 
perpendicular. Use parts (a)-(c) to write a coordinate proof, 
a. First, argue that neither line can be horizontal nor vertical. 
b. Then, tell why the lines must intersect. (Hint: Use indirect reasoning.) 
¢. Place the lines in the coordinate plane. Choose a point on ¢, and find a related 
point on ¢. Complete the proof. 
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Qrattenge 52. Use the plan and write a proof of Theorem 8-2 (Converse of the 
Pythagorean Theorem). 


Given: AABC with sides of length a, b, and ¢, where a® + b 

Prove: ABC isa right triangle. 

Plan: Draw a right triangle (not AABC) with legs of lengths a and b. Label 
the hypotenuse x. By the Pythagorean Theorem, a? + b* = x?. Use 
substitution to compare the lengths of the sides of your triangle and 
ABC. Then prove the triangles congruent. 

53. Use the plan and write a proof of Theorem 8-3. 


Given: AABC with sides of length a, b, and c, where c? > a? + b? 
Prove: /\ABC is an obtuse triangle. 
Plan: Draw a right triangle (not ABC) with legs of lengths a and b. 
Label the hypotenuse x. By the Pythagorean ‘Theorem, a? + b? = x2. 
Use substitution to compare lengths c and x. Then use the Converse 
of the Hinge Theorem to compare ZC to the right angle. 
54, Prove Theorem 8-4. 


Given: A ABC with sides of length a, b, and c, where c? < a? + b? 
Prove: AABC isan acute triangle, 


ea 
/~ 


Standardized Test Prep (ERIDIDED RESPONSE 
satact 55. A 16-ft ladder leans against a building, as shown. To the nearest foot, aes 
how far is the base of the ladder from the building? Ne il 
56. What is the measure of the complement of a 67° angle? 15.5 tt 


57. ‘The measure of the vertex angle of an isosceles triangle is 58. 
What is the measure of one of the base angles? 


58. ‘The length of rectangle ABCD is 4 in. ‘the length of similar rectangle DEFG is 
6 in, How many times greater than the area of ABCD is the area of DEFG? 


Mixed Review 


59. AABC has side lengths AB = 8, BC = 9, and AC = 10. Find the lengths of 
the segments formed on BC by the bisector of 2A. 


Get Ready! To prepare for Lesson 8-2, do Exercises 60-62. 
Simplify each expression. 


60. V9 = V3 61.30 = V2 62. 26 
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@ See Lesson 7-5. 


@ See Review, p. 399. 


There are alot 
of similar right 
triangles here, In 
‘the lesson, you'll 


learn a quicker way 


to find some of 
these distances. 


Special Right Triangles 


Objective To use the properties of 45°-45°-90° and 30°-60°-90° triangles 


This map of part of a college campus shows 
a square “quad” area with walking paths. The 
distance from the dorm to the dining hall is 
150 yd 

Suppose you go from your dorm to the dining 
hall, to the science lab, to your dorm, to the 
student center, to the library, and finally 
back to your dorm. To the nearest tenth 
how far do you walk? Justify your answer. 
(Assume you always take the most direct 
routes and stay on the paths.) 


‘The Solve It involves triangles with angles 45°, 45°, and 90°. 
Essential Understanding Certain right triangles have properties that allow 
you to use shortcuts to determine side lengths without using the Pythagorean Theorem, 


‘The acute angles of a right isosceles triangle are both 45° angles, Another name for 
an isosceles right triangle is a 45°-45°-90° triangle. If each leg has length x and the 
hypotenuse has length y, you can solve for y in terms of x, 


x? + x4 = y? Use the Pythagorean Theorem. 
xV2 = y — Take the positive square root of each side. x 


You have just proved the following theorem. 


Ina 45°-45°-90° triangle, both legs are congruent and the 
length of the hypotenuse is V2 times the length of a leg. 


hypotenuse = V2 + leg 
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Finding the Length of the Hypotenuse 
What is the value of each variable? 


ONG 


x\ a0 
A 


hypotenuse = V2+ leg 45°-45°-90° A Theorem hypotenuse = V2 - leg 
h=V2-9 Substitute. V2-2V2 
h=9v2 Simplify. x=4 


x 


@ Got It? 1. Whatis the length of the hypotenuse of a 45°-45°-90" triangle 
with leg length 53? 


Finding the Length of a Leg 


Multiple Choice What is the value of x? 
@s @D6 x8 
D3v2 Deve 
hypotenuse = V2+ leg  45°-45°-90° Triangle Theorem 
6 = V2-x Substitute, 


re Divide each side by V2. 
x= rd . y Multiply by a form of 1 to rationalize the denominator. 
x= simplify. 
x=3V2 Simplify. 
‘The correct answer is B. 


@ Got It? 2, a. The length of the hypotenuse of a 45°-45°-90° triangle is 10. What is the 
length of one leg? ili 
b. Reasoning In Problem 2, why can you multiply “$5 by <3? 


When you apply the 45°-45°-90° Triangle Theorem to a real-life example, you can use a 
calculator to evaluate square roots. 


CED Finding Distance 


Think Softball A high school softball diamond is a square. ‘The distance ar 
Hesoleee) rs from base to base is 60 ft. To the nearest foot, how far does a catcher 

eevee Bas throw the ball from home plate to second base? 

The diagonal d is part ‘The distance d is the length of the hypotenuse of a 45°-45°-90" triangle, 

cof two right triangles. 

Thee d= 60V2 hypotenuse = V2 - leg 

posed tee d ~ 84.85281374 Use a calculator. 

Sod fusttea ‘The catcher throws the ball about 85 ft from home plate to second base. 


@ Got It? 3. You plan to build a path along one diagonal of a 100 ft-by-100 ft square 
garden. To the nearest foot, how long will the path be? 


Another type of special right triangle is a 30°-60°-90° triangle. 


In a 30°-60°-90" triangle, the length of the hypotenuse is 
twice the length of the shorter leg. The length of the longer 
legis V3 times the length of the shorter leg. a 


hypotenuse = 2 - shorter leg 
longer leg = V3 + shorter leg 77 


Proof Proof of Theorem 8-6: 30°-60°-90° Triangle Theorem 


For equilateral A WXZ, altitude WY bisects 2W and is the 
perpendicular bisector of XZ. So, WY divides A WXZ into 
two congruent 30°-60°-90" triangles. 

‘Thus, XY = 5XZ = }XW, or XW = 2XY = 2s. 

Use the Pythagorean Theorem. 


3? + YW? = (25)? Substitute s for XY and 2s for XW. 


xy? 


yw? = 4s* — s* Subtract s? from each side. 
yw? = 392 ‘Simplify. 
YW = sV3 Take the positive square root of each side. 


You can also use the 30°-60°-90° Triangle Theorem to find side lengths. 


Co) EXECICINL) Using the Length of One Side 
Algebra What is the value of d in simplest radical form? Ver a 


f 


Ina 30°-60°-90° triangle, the 

Jeg opposite the 60° angle is the longer leg = V3 - shorter leg 
longer leg. So d represents the if 

length of the shorter leg. Write 5 =<dv3 

an equation relating the legs. 


Divide each side by V3 to solve 


ford, 

The value of d is not in simplest 5 V5 _5v5 
radical form because there is a v3 vs" 3 
radical in the denominator. Multiply Pee sd 
d bya form of 1. ee 


Got It? 4. In Problem 4, what is the value of fin simplest radical form? 


CC problem 5) Applying the 30°-60°-90° Triangle Theorem 


How does knowing Jewelry Making An artisan makes pendants in the shape of 
the shape of the equilateral triangles. The height of each pendant is 18 mm. 
pendants help? What is the length s of each side of a pendant to the nearest 


Since the triangle is 
equilateral, you know 
that an altitude divides ‘The hypotenuse of each 30°-60°-90° triangle is s. The shorter 
the triangle into two 


tenth of a millimeter? 


congruent 30°-60°-90° legis as 

triangles. 18 = V longer leg = V3 - shorter leg 
18 = Ws Simplify 
isos Multiply each side wi 


5 = 20.78460969 Use a calculator. 


Each side of a pendant is about 20.8 mm long. 


Got It? 5. Suppose the sides of a pendant are 18 mm long. What is the height of the 
pendant to the nearest tenth of a millimeter? 
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@ Lesson Check 


Do you know HOW? Do you UNDERSTAND? 
What is the value of x? If your answer is not an integer, 5. Error Analysis Sandra drew the triangle below. Rika 
express it in simplest radical form, said that the labeled lengths are not possible. With 
i 2 which student do you agree? Explain, 
x 95 
5 5\3 
45° 
4s 
10 
3 s 4. 
*) 59/8 12 ‘ 
6. Reasoning A test question asks you to find two side 


Hi lengths of a 45°-45°-90° triangle. You know that 

the length of one leg is 6, but you forgot the special 
formula for 45°-45°-90" triangles. Explain how you 
can still determine the other side lengths. What are 
the other side lengths? 


re) Practice and Problem-Solving Exercises 


@ Practice 


Find the value of each variable. If your answer is not an integer, express it 4 See Problems 1 and 2. 
in simplest radical form. 


7. 9. 


8. y 
x2 ' : 
10. 41. 
a 10 
15 
y N2 

y 

+ 
13. Dinnerware Design What is the side length of the smallest square plateon ——-@_See Problem 3. 


Which a 20-cm chopstick can fit along a diagonal without any overhang? Round 
your answer to the nearest tenth of a centimeter, 


n ‘The four blades of a helicopter meet at right angles and are all the same 
length. The distance between the tips of two adjacent blades is 36 ft. How long is 
each blade? Round your answer to the nearest tenth of a foot. 
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Algebra Find the value of each variable. If your answer is not an integer, #9 _See Problems 4 and 5. 
express it in simplest radical form. 


15. 19 ‘Kap 
“ x 
ee 1 \ 
i 
r Oo 
: 
18. 19. 20. we 
x : wi 3 ‘ 
d 60° 30" 60 
y y 


21, Architecture An escalator lifts people to the second floor of a building, 
25 ft above the first floor. The escalator rises at a 30° angle. To the 
nearest foot, how far does a person travel from the bottom to the top aft 
of the escalator? 50 


22. City Planning Jefferson Park sits on one square city block 300 ft on 
each side. Sidewalks across the park join opposite corners. To the nearest foot, 
how long is each diagonal sidewalk? 


=< 


Algebra Find the value of each variable. If your answer is not an integer, 
express it in simplest radical form. 


26. 6 27. 4 28. 8 


2 


29. Think About a Plan A farmer’s conveyor belt carries 
bales of hay from the ground to the barn loft. The 
conveyor belt moves at 100 ft/min. How many 
seconds does it take for a bale of hay to go from the 
ground to the barn loft? 
© Which part of a right triangle does the conveyor 
belt represent? 

* You know the speed. What other information do 
you need to find time? 

© Howare minutes and seconds related? 
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Challenge 


@ 


30. House Repair After heavy winds damaged a house, workers placed a 6-m brace 


against its side at a 45° angle. Then, at the same spot on the ground, they placed a h 

second, longer brace to make a 30° angle with the side of the house. oo 

a. How long is the longer brace? Round to the nearest tenth of a meter. 6m 
b. About how much higher does the longer brace reach than the shorter brace? \ 


31. Open-Ended Write a real-life problem that you can solve using a 30°-60°-90° 
triangle with a 12-ft hypotenuse. Show your solution, 


32. Constructions Construct a 30°-60°-90° triangle using a segment that is 
the given side. 
a. the shorter leg b. the hypotenuse c. the longer leg 


33. Geometry in 3 Dimensions Find the length d, in simplest radical 
form, of the diagonal of a cube with edges of the given length. 
a. Lunit b. 2 units ¢. sunits 


Standardized Test Prep 


SATIACT 
Se 


(Response 


34, The longer leg of a 30°-60°-90° Uriangle is 6. What is the length of the hypotenuse? 


@D2v3 @®3v2 Qav3 D2 
35. Which triangle is NOT a right triangle? 
DBD @ @D D ame 
§ 5N2 96, x ANS = 
36 5 
7 nd WS 


G 
36. Suppose p is false and q is true. Which statement is NOT true? 
Dprg D ~qV (pag QO pq DlpVg=~p 


37. In right AABC, ZC is the right angle and CD is the altitude drawn to the 
hypotenuse. If AD = 3 and DB = 9, what is AC? Show your work. 


Mixed Review 


38. A right triangle has a 6-in, hypotenuse and a 5-in. leg, Find the length of the @ See Lesson 8-1. 
other leg in simplest radical form. 


39. An isosceles triangle has 20-cm legs and a 16-cm base. Find the length of the 
altitude to the base in simplest radical form. 

Get Ready! To prepare for Lesson 8-3, do Exercises 40-43. 

Algebra Solve each proportion. @ See Lesson 7-1, 
x4 Suk =4 

40.3-7 T= 5 42.95 =x 


BX 
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Concept Byte 


Use With Lesson 8-3 


Construct 


Use geometry software to construct AB and AC so that 2A is acute, Through 


apoint D on AB, construct line perpendicular to AB that intersects AC in 
point E. 


Moving point D changes the size of AADE. Moving point C changes the size 
of ZA, 


Exercises 


1, © Measure 2A and find the lengths of the sides of AADE. 


leg opposite <A 
menuse 


‘* Move point D to change the size of AADE without changing mZ.A. 
What do you observe about the ratio as the size of A ADE changes? 


* Calculate the ratio which is 9p. 


2. © Move point C to change mZA. 
a. What do you observe about the ratio as mZA changes? 
b. What value does the ratio approach as m/A approaches 0? As mZ.A 
approaches 90? 
Jeg opposite 2A 


3. © Make a table that shows values for mA and the ratio “Forres 


In your table, include 10, 20, 30, ... , 80 for mZA. 
* Compare your table with a table of trigonometric ratios. 


Do your values for “$2228 —* match the values in one of the columns 


of the table? What is the name of this ratio in the table? 


Extend 
4, Repeat Exercises 1-3 for “SFE which is 42, and wee, 
which is 2. 
5. # Choose a measure for 2A and determine the ratio r = “SUBvoste 4, 


Record mZA and this ratio. 


+ Manipulate the triangle so that “245° has the same value r 


Record this mZA and compare it with your first value of mZ.A. 

‘+ Repeat this procedure several times. Look for a pattern in the two 
measures of A that you found for different values of r. 

Make a conjecture. 
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Trigonometry 


Objective To use the sine, cosine, and tangent ratios to determine side lengths and 
angle measures in right triangles 


What is the ratio of the length of the shorter leg to the length of the 
hypotenuse for each of AADF, AAEG, and AABC? Make a conjecture 
based on your results. 

8 


Dynamic Activity Z : 
~ aa Essential Understanding Ifyou know certain combinations of side lengths 


Ratios and angle measures of a right triangle, you can use ratios to find other side lengths and 
angle measures, 
S——<$A__ Any wo right triangles that have a pair of congruent acute angles are similar by 
Lae the AA Similarity Postulate. Similar right triangles have equivalent ratios for their 
oo. corresponding sides called trigonometric ratios. 
rigonometric 
ratios 
«sine 
* cosine 
+ tangent 


_ length of leg opposite 2A _ q 
sine of 2A = oth of hypotenuse ~ © 


length of leg opposite 2A 
Tength ofleg adjacent to 2 


tangent of 2A = 


Think 


How do the sides 
relate to ZT? 

GR is across from, ot 
opposite, 27. TR is next 
to, or adjacent to, £T. 
TG is the hypotenuse 
because itis opposite the 
90° angle. 


Look at the triangle and 
determine how the sides 
of the triangle relate to 
the given angle. 


You can abbreviate the ratios as 
opposite __ adjacent _ opposite 
hypotenuse’ °°5 A = ypotenuse’ 204 tan. A = carecont: 


aku Writing Trigonometric Ratios 


Whatare the sine, cosine, and tangent ratios for ZT? 


sinA = 


any — 2Ppesite _ G 
| sin = Fyporenuse ~ 17 
cos = _tiliacent_ _ 15 ys 8 
~ hypotenuse ~ 17 
T R 


8 15 
15 


Got It? 1. Use the triangle in Problem 1. What are the sine, cosine, and tangent ratios 
for 2G? 


In Chapter 7, you used similar triangles to measure distances indirectly. 
You can also use trigonometry for indirect measurement. 


SQIRETIEEE) Using a Trigonometric Ratio to Find Distance 


Landmarks In 1990, the Leaning Tower of 

Pisa was closed to the public due to safety 
concerns. The tower reopened in 2001 

after a 10-year project to reduce its tilt from 
vertical, Engineers’ efforts were successful 

and resulted in a tilt of 5°, reduced from 5.5°, 
Suppose someone drops an object from the 
tower at a height of 150 ft. How far from the base 
of the tower will the object land? Round to the 


nearest foot. il | Y rtf rl } | 
Mae de 

‘The given side is adjacent to the given angle, The TTT Ty 

side you want to find is opposite the given angle. jidded | 


(an 5° = 759 Use the tangent ratio. 1 j 
150(tan 5°) Multiply each side by 150, 
150g 5 > Use a calculator. 
3.12329953 


‘The object will land about 13 ft 
from the base of the tower. 


x 


Think 

‘When should you use 
an inverse? 

Use an inverse when you 
know two side lengths of 
aright triangle and you 
‘want to find the measure 
of one of the acute 
angles. 


Got It? 2. For parts (a)-(c), find the value of w to the nearest tenth. 


b. 10 © 
in |# Y, 
a5 


d. A section of Filbert Street in San Francisco rises at an angle of about 17°. 
Ifyou walk 150 ft up this section, what is your vertical rise? Round to the 


nearest foot. 


Ifyou know the sine, cosine, or tangent ratio for an angle, you can use an inverse 
(sin~', cos~!, or tan~!) to find the measure of the angle. 


Co) eu Using Inverses 


@Gor 


sinx = 5 Write the ratio. 
mZX = sin“! (8) Use the inverse. 
ED 6 S10 ED Use a calculator. 
mZX ~ 36,86989765 

37 


it? 3. a. Use the figure at the right. What is mZY to 


b. Reasoning Suppose you know the lengths 
of all three sides of a right triangle. Does it 


What is mZX to the nearest degree? 


Bu 
6 10 
a 
8 x 


You know the lengths of the 
hypotenuse and the side 
opposite 2X. 


Use the sine ratio. 


the nearest degree? 


15 20 


M N 


You know the lengths of the 
hypotenuse and the side 
adjacent to ZX. 


Use the cosine ratio. 


y — 15 
cosX = 20 
—1(15° 
mex = cos-(8) 
5am 
méX = 41,40962211 
=-41 


matter which trigonometric ratio you use to 
find the measure of any of the three angles? Explain. 


Lesson 


Trigonometry 
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i) Lesson Check 


Do you know HOW? Do you UNDERSTAND? 
Write each ratio. 9. Vocabulary Some people use SOH-CAH-TOA to 
a, Seek a remember the trigonometric ratios for sine, cosine, 
and tangent. Why do you think that word might help? 
3.tanA 4. sinB 6 7 10 (Hint: Think of the first letters of the ratios.) 
5. cos B 6. tanB 10. Error Analysis A student states that sin A > sin X 


because the lengths of the sides of AABC are greater 
What is the value of x? Round to the nearest tenth, than the lengths of the sides of AXYZ. What is the 


7 8. ra] student's error? Explain. 
: 5 
| 2 y 
15 [ 
K€ A 


2 


@ Practice and Problem-Solving Exercises 


rractice Write the ratios for sin M, cos M, and tan M, @ See Problem 1. 
11. P M 1.4 7 kK 13. ONS 
L 
we % YK 2 ea 
K 
L M 
Find the value of x. Round to the nearest tenth. @® See Problem 2. 


14, 15. 16. 
35) 
17. 18. 7 19. 
x 10 ; 50 Pa. 


36" 


20. Recreation A skateboarding ramp is 12 in. high and rises at an angle of 17°. How 
Jong is the base of the ramp? Round to the nearest inch. 


21, Public Transportation An escalator in the subway station has a vertical rise of 
195 ft 9.5 in., and rises at an angle of 10.4”. How long is the escalator? Round to 
the nearest foot. 
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© 


Apply 


Find the value of x. Round to the nearest degree. @ See Problem 3. 


2. 1“ 23. 24, 3 
5 * * P 
x 5 8 3 


28. The lengths of the diagonals of a rhombus are 2 in. and 5 in, Find the measures of 
the angles of the rhombus to the nearest degree. 


29. Think About a Plan Carlos plans to build a grain bin with a 
radius of 15 ft. The recommended slant of the roof is 25°. He 
wants the roof to overhang the edge of the bin by 1 ft. What 
should the length x be? Give your answer in feet and inches. 
© Whatis the position of the side of length xin relation to 
the given angle? 

* What information do you need to find a side length of a 
right triangle? 

* Which trigonometric ratio could you use? 15 ft 


An identity is an equation that is true for all the allowed values of the variable. 

Use what you know about trigonometric ratios to show that each equation is 

an identity. 

sinX 


34. sin X = cos X+ tan X 32. cosx = Sy 


Find the values of w and then x. Round lengths to the nearest tenth and angle 
measures to the nearest degree, 


102 
L 
2 -——— 


36. Pyramids All but two of the pyramids built by the 
ancient Egyptians have faces inclined at 52° angles. 
Suppose an archaeologist discovers the ruins of a 
pyramid. Most of the pyramid has eroded, but the 
archaeologist is able to determine that the length of 
a side of the square base is 82 m, How tall was the 
pyramid, assuming its faces were inclined at 52°? 
Round your answer to the nearest meter. 
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37, a. In ABC at the right, how does sin A compare to B 


cos B? Is this true for the acute angles of other ‘ 

right triangles? 16 
b. Reading Math ‘The word cosine is derived from the d 

words complement's sine. Which angle in AABCis 7) c 


the complement of 2A? Of 2B? 
¢. Explain why the derivation of the word cosine makes sense. 


38, For right AABC with right 2C, prove each of the following. 
asinA<1 
b. cosA <1 


39. a. Writing Explain why tan 60° = V3. Include a diagram with your explanation. 
b. Make a Conjecture How are the sine and cosine of a 60° angle related? Explain. 


‘The sine, cosine, and tangent ratios each have a reciprocal A 
ratio, The reciprocal ratios are cosecant (csc), secant (sec), * 
and cotangent (cot). Use AABC and the definitions belowto 9 
write each ratio. 
“Saee | ee | ee | c 12 B 
escX = Sax secX = osx cotX = tan 
40. csc A 41. sec A 42. cov 
43. csc B 44. sec B 45. cov 


@ 46. Graphing Calculator Use the feature of your graphing calculator to study 
sin X as X gets close to (but not equal to) 90. In the screen, enter Yl = sin X. 


a. Use the GE feature so that X starts at 80 and changes by 1. Access the QUI). 
From the table, what is sin X for X = 89? 

b. Perform a “numerical zoom-in.’ Use the (EE feature, so that X starts with 89 
and changes by 0.1. What is sin X for X = 89.9? 

. Continue to zoom-in numerically on values close to 90. What is the greatest 

value you can get for sin X on your calculator? How close is X to 90? Does your 

result contradict what you are asked to prove in Exercise 38a? 

Use right triangles to explain the behavior of sin X found above. 


2 


47. a. Reasoning Does tan A + tan B = tan(A + B) when A + B < 90? Explain. 
Does tan A ~ tan B = tan (A ~ B) when A ~ B > 0? Use part (a) and indirect 
reasoning to explain. 


=. 


Challenge _ Verify that each equation is an identity by showing that each expression on the 
left simplifies to 1. 


48. (sin A)? + (cos A)? = 1 49. (sin B)? + (cosB)?=1 BB 
1 2 = Dees 
50. Tosa (tan dy = 1 ae anae a £ 
52. Show that (tan A)? — (sin A)? = (tan A)? - (sin. A)? is c 7 A 
an identity. 
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53. Astronomy ‘The Polish astronomer Nicolaus Copernicus devised 
a method for determining the sizes of the orbits of planets farther 
from the sun than Earth. His method involved noting the number 
of days between the times that a planet was in the positions labeled 
A.and Bin the diagram. Using this time and the number of days in 
each planet's year, he calculated cand d. 

a. For Mars, ¢ = 55.2 and d = 103.8. How far is Mars from the sun 
in astronomical units (AU)? One astronomical unit is defined as 
the average distance from Earth to the center of the sun, about 
93 million miles. 

b. For Jupiter, ¢ = 21.9 and d = 100.8. How far is Jupiter from the 
sun in astronomical units? 


Not to scale 


SATIACT 
Nr 


Standardized Test Prep 


54, Grove Street has a grade of 20%, That means that the street rises grove Suet = 
20 ft for every 100 ft of horizontal distance. To the nearest tenth, 
at what angle does Grove Street rise? j 


@® 113° oOo 
@us D 


785° 


55. Which of the following figures is NOT a parallelogram? 
® square @® tapezoid ® rhombus D rectangle 


56. In AABC, AB > BC > AC. One angle has a measure of 168. What are all the 
possible whole-number values for the measure of 2A? Explain 


Mixed Review 


57. The length of the hypotenuse of a 30°-60°-90° triangle is 8. What are the @ See Lesson 8-2. 
lengths of the legs? 


58. A diagonal of a square is 10 units. Find the length of a side of the square. 
Express your answer in simplest radical form. 
Get Ready! To prepare for Lesson 8-4, do Exercises 59-62. 
Use rectangle ABCD to complete each statement. @® See Lessons 3-2 and 6-4. 


59. au a A 8 
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Do you know HOW? 
Algebra Find the value of each variable. Express your 


answer in simplest radical form. 
4. 2. 
15, 
x TN 
4 
vi 
5. 6. 
sf 2 
: 
15 


10 
3. 
12 7 
92 


Given the following triangle side lengths, identify the 
triangle as acute, right, or obtuse. 


7.7,8,9 
8. 15, 36, 39 
9. 10, 12, 16 
10. A square has a 40-cm diagonal. How long is each 


side of the square? Round to the nearest tenth of 
acentimeter. 


Write the sine, cosine, and tangent ratios for 
ZA and ZB. 


WA 12g B34 
i 64 —~ a 
B 

c 5 B 
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eS MathXL" for School 
\SE™ Go to PowerGeometry.com 


Does each set of numbers form a Pythagorean triple? 
Explain. 

13. 32, 60, 68 

14. 1,2,3 

15. 2.5,6,6.5 


16. Landscaping A landscaper uses a 13-ft wire to brace 
a tree. The wire is attached to a protective collar 
around the trunk of the tree. If the wire makes a 
60° angle with the ground, how far up the tree is the 
protective collar located? Round to the nearest 
tenth ofa foot. 


Algebra Find the value of x. Round to the nearest 
tenth. 


7, : 18, 
/ NN Hl We 
19: ag 20. 
a 
x 


Do you UNDERSTAND? 

21. Compare and Contrast What are the similarities 
between the methods you use to determine whether 
a triangle is acute, obtuse, or right? What are 
the differences? 


22. In the figure below, which angle has the greater sine 
value? ‘The greater cosine value? Explain. 


2k] 


23. Reasoning What angle has a tangent of 1? Explain. 
(Do not use a calculator or a table.) 


Concept Byte 


Use With Lesson 8-4 


In this activity, you will make a (ool (o find heights. The tool requires you to use right 
triangles and trigonomettic ratios. 


A “The device shown below is an inclinometer. Make your own inclinometer using a 
protractor, a piece of string, and a washer, 


cei 


Not to scale 


1. The string on the inclinometer shows mZ.XYZ. Explain how you can find mZX if 
you know m2 XYZ, 


2. You can calculate an approximate height of the tree by using a trigonometric ratio. 
involving 2X. 
a. Which side length of AXMN could you most easily measure? Explain. 
b. What trigonometric ratio would you use? Explain. 
¢. Show how (o find the height of the tree, 


‘Try using your inclinometer to find the heights of tall objects at your school. 


3. You are on a steep hillside directly across from the top of a tree. Explain how 
you could use an inclinometer, a trigonometric ratio, and the distance from 
the hilltop to the base of the tree to find the approximate height of the tree. 


oi 


Suppose you could climb up only to point P. You know the 
distance, d, from P to the base of the tree. Explain how you 
could use an inclinometer and trigonometric ratios to find 
the height of the tree from P. 


Use the diagram from Exercise 4, Show that you can find 
the height of the tree using the following formula. 


h = d(cos b*)(tan.a° + tan b*) 


Angles of Elevation 
and Depression 


Objective To use angles of elevation and depression (o solve problems 


You are on the lighting crew for the school musical. You hang a set of 
lights 25 ft above the stage. For one song, the female lead is on stage 
alone and you want all the lights on her. If she stands in the middle 
of the stage as shown, at what angle from horizontal should you set 

PICT RCT lamps A and B? Round to the nearest degree. Describe how each angle 

could use geometry ru a UO ae 


in ines ee Ma tree. (Diagram is not to scale.) 
can find mat! = = 

anywhere yoil DIDIDELE EDIE IE EER UIELEIEIELELE EEE 
look . .. up or 

down. 


Sc | _ The anglesin the Solve It are formed below the horizontal black pipe. Angles formed 
ocabekary: above and below a horizontal line have specific names. 
* angle of 


Suppose a person on the ground sees a hang glider ata 


elevation 
* angle of 38° angle above a horizontal line. This angle is the angle of 
depression elevation. 


At the same time, a person in the hang glider sees the person 
on the ground at a 38° angle below a horizontal line. This 
angle is the angle of depression. 


Angle of 


depression 


Notice that the angle of elevation is congruent to the angle of 
depression because they are alternate interior angles. 


3 You can use the angles of 
ute angles of right triangles 


elevation and depression as the 
formed by a horizontal distance and a vertical height. 
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EEETIGEED Identifying Angles of Elevation and Depression 


How can you tell 


What is a description of the angle as it re 
if itis an angle relates to the situation shown? 
of elevation or 
depression? Oa 
Place yous fe en 21 is the angle of depression from 
vertex of the angle. Trace : ° 
dion here the bird to the person in the hot-air 
side of the angle, See balloon. 
if your finger is above Bua 
(elevation) or below peas 
\Gexsccconl atari 24 is the angle of elevation from 
the base of the mountain to the 
person in the hot-air balloon. 
@ Got It? 1. Use the diagram in Problem 1. What is a description of the angle as it relates to 
the situation shown? 
a. 22 b. 23 
deo Using the Angle of Elevation 

Wind Farm Suppose you stand 53 ft from a wind 

farm turbine. Your angle of elevation to the hub of 

the turbine is 56.5°. Your eye level is 5.5 ft above 

the ground. Approximately how tall is the 

turbine from the ground to its hub? 

tan 56.5° = Use the tangent ratio, 
x = 53(tan 56.5") Solve for x. 
- 5340 56.5 > Use a calculator. 
4 80,07426526 

Why does your eye " 7 
level matter here? So x ~ 80, which is the height from your 
‘Your normal ine of sight eye Jevel to the hub of the turbine. 
's ahorizantal line. The To find the total height of the 
angle of elevation starts bi dd the h fi 
from the aa loved ot turbine, add the height from 
from the ground, the ground to your eyes, 


Since 80 + 5.5 = 85.5, 
the wind turbine is 
about 85.5 ft tall from 
the ground to its hub. 


Got It? 2. You sight a rock climber on a cliff at a 32° angle of Climber 
elevation. Your eye level is 6 ft above the ground and 
you are 1000 ft from the base of the cliff. What is the 


approximate height of the rock climber from the ground? Eye level 
1000 ft 


[Lesson 6-4 Angles of Elevation and Depresion J 7, 


@ EEEDIEIE) Using the Angle of Depression 


To approach runway 17 of the Ponca City Municipal nga of descent 
Airport in Oklahoma, the pilot must begin a 3° descent 
starting from a height of 2714 ft above sea level. The 


airport is 1007 ft above sea level. To the nearest tenth Airport 
ofa mile, how far from the runway is the airplane at Not to scale 
the start of this approach? 


‘The airplane is 2714 — 1007, or 1707 ft, above the level of the airport. 


Think 
Why is the angle of 
elevation also 3°? 1707 ft 
‘The path of the airplane 
before descent is parallel . 
to the ground, So the singe = Use the sine ratio. 
angles formed by the 
beth of decent x= Solve for x. 
nate 
een 1707 €P QD 3 LAP 32616.19969 Use a calculator. 
& 5280 CEQ 6.177310548 Divide by 5280 to convert feet to miles. 


‘The airplane is about 6.2 mi from the runway. 


Got It? 3. An airplane pilot sights a life raft at a 26° angle of depression. The 
airplane's altitude is 3 km. What is the airplane's horizontal distance d from 


the raft? 
Lesson Check 
Do you know HOW? Do you UNDERSTAND? 
What is a description of each angle as it relates to 7. Vobabulary How is an angle of elevation formed? 
the diagram? 8. Error Analysis A homework question says that the 
1.21 angle of depression from the bottom of a house 
222 window to a ball on the ground is 20°. Below is your 
5 friend’s sketch of the situation. Describe your friend's 
3.23 error. 
4.24 
5.25 


6. What are two pairs of congruent angles in the 
diagram above? Explain why they are congruent. 
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©) Practice and Problem-Solving Exercises 


Practice Describe each angle as it relates to the situation in the diagram. @® See Problem 1. 
9241 10. 22 11.23 12. 24 
13. 25 14. 26 15. £7 16.28 


Find the value of x, Round to the nearest tenth of a unit. 


17. ior 18, 
x 203m 
o 


¥ 


19, Meteorology A meteorologist measures the angle of elevation of a weather 
balloon as 41°. A radio signal from the balloon indicates that it is 1503 m from his 
location. To the nearest meter, how high above the ground is the balloon? 


Find the value of x. Round to the nearest tenth of a unit. 
21. 


2km 


22. Indirect Measurement A tourist looks out from the crown of the Statue of Liberty, 
approximately 250 ft above ground. The tourist sees a ship coming into the harbor 
and measures the angle of depression as 18°. Find the distance from the base of the 
statue to the ship to the nearest foot. 


@ “rely 23. Flagpole ‘The world’s tallest unsupported flagpole is a 282-ft-tall steel pole in 

= Surrey, British Columbia. The shortest shadow cast by the pole during the year is 
137 ft long. To the nearest degree, what is the angle of elevation of the sun when 
casting the flagpole’s shortest shadow? 


levation and 


24. Think About a Plan Two office buildings are 51 m apart. ‘the height of the taller 
building is 207 m. ‘The angle of depression from the top of the taller building to 


the top of the shorter building is 15°. Find the height of the shorter building to the 
nearest meter. 


‘© How can a diagram help you? 


‘* How does the angle of depression from the top of the taller building relate to the 
angle of elevation from the top of the shorter building? 


Algebra ‘The angle of elevation e from A to Band the angle of depression d from B 
to Aare given, Find the measure of each angle. 


25. e: (7x ~ 5)°, d: A(x + 7) 26. e: (3x + 1)", d: 2(x + 8)" 


27. e (x + 219%, d: 3x + 3° 28. e:5(x — 2)", d:(x + 14° 
29. Writing A communications tower is located on a plot Tower 
e . — 
of flat land. ‘The tower is supported by several guy wires. ci 
Assume that you are able to measure distances along the Pa 


wires 
ground, as well as angles formed by the guy wires and 


the ground. Explain how you could estimate each of the 
following measurements. 

a. the length of any guy wire 

b. how high on the tower each wire is attached 


Flying An airplane ata constant altitude a flies a horizontal distance d toward you 
at velocity v. You observe for time fand measure its angles of elevation 2E, and 
Z£» at the start and end of your observation. Find the missing information. 


30. a = @ mi,v = 5mi/min, t = 1 min, mZE, = 45,mZE, = 90 


31. a = 2mi,v = @ mi/min, t= 15s, mZE, = 40,mZE, = 50 

32. a = 4mi,d = 3mi,v = 6 mi/min,t = & min, mZE, = 50,mZE, = @ 

33. Aerial Television A blimp provides aerial television views of a football game. The 
television camera sights the stadium at a 7° angle of depression. The altitude of 

the 1p is 400 m. What is the line-of-sight distance from the television camera 

to the base of the stadium? Round to the nearest hundred meters. 


Not to scale 
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Qcrattense 34, Firefighting A firefighter on the ground sees fire break through a 
window near the top of the building. ‘The angle of elevation to the 

windowsill is 28°. The angle of elevation to the top of the building 

is 42°, ‘The firefighter is 75 ft from the building and her eyes are 5 ft 

above the ground. What roof-to-windowsill distance can she 

report by radio to firefighters on the roof? 


35. 


. Geography For locations in the United States, the relationship 
between the latitude ¢ and the greatest angle of elevation a of the 


sun 


Find the latitude of your town, Then determine the greatest angle 


ofel 


at noon on the first day of summer is a = 90° — ¢ + 23.5°, 


levation of the sun for your town on the first day of summer, 


Not to scale 


Standardized Test Prep 


SATIACT 36. A 107-ft-tall building casts a shadow of 90 ft. To the nearest whole degree, what is 
the angle of elevation of the sun? 
@D3” ww @O 50° ws” 


37. Which assumption should you make to prove indirectly that the sum of the 


mea: 


sures of the angles of a parallelogram is 360? 


® he sum of the measures of the angles of a parallelogram is 360. 
@® The sum of the measures of the angles of a parallelogram is not 360. 
@® ‘he sum of the measures of consecutive angles of a parallelogram is 180. 


D ‘he sum of the measures of the angles of a parallelogram is 180. 


Extended 38. A parallelogram has four congruent sides. 
(Response a. Name the types of parallelograms that have this property. 


b. What is the most precise name for the figure, based only on the given 
description? Explain. 
¢. Draw a diagram to show the categorization of parallelograms. 


Mixed Review 


Find the value of x. Round to the nearest tenth of a unit. @ See Lesson 8-3. 
39. . 40. Tq on 
= oat 
O 
Get Ready! To prepare for Lesson 8-5, do Exercises 42-44, 
Find the distance between each pair of points. @ See Lesson 1-7. 
42. (0,0) and (8, 2) 43. (—15, —2) and (0, 0) 44, (—2, 12) and (0,0) 
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‘oncept B 
Use With Lesson 8-4 
You have seen sine and cosine defined in terms of acute angles in right triangles only. 
However, you can apply two special laws involving sines and cosines to any triangle. 
‘The Law of Sines lets you find missing measures in a triangle when you know the 
measures of two angles and the length of a side (AAS or ASA) or the lengths of two 
3 sides and the measure of a nonincluded angle (SSA). The Law of Cosines lets you 
find missing measures in a triangle when you know the lengths of two sides and the 
measure of the included angle (SAS) or the lengths of three sides (SSS). 
For any AABC with side lengths a, b, and c, each of the following is true, 
Law of Sines c Law of Cosines 
sin _ sin B _ sin € b a a = + 2 2beeos A 
a b c 
B= a? + 2 — 2accosB 
A ¢ 8 
2 = a +b — 2abcosC 


Example 1 
What are the values of a and c? Round to the nearest tenth. 


‘You have two angles and a nonincluded side (AAS). Use the Law of Sines. 


‘To find c, youneed m2. By the Triangle Angle-Sum ‘Theorem, mZ.C = 39. 
sin 48° _ sin 93° a sin 39° _ sin 93° 
7 =" Law of Sines ¢ = 5 
15 sin 48° = asin 93° Cross Products Property 15 sin 39° = csin 93° 


@ ~ 11,16247016 Use a calculator. © ~ 9.452760546 
‘The value of ais about 11.2 and the value of c is about 9.5. 


— 
Example 2 
What is the value of b? Round to the nearest tenth. 
You have two sides and an included angle (SAS). Use the Law of Cosines. 
P= a + 2 — 2accosB Law of Cosines 
BP = 22% + 10% — 2(22)(10)(cos 44°) Substitute. 
b ~ 16,35513644 Use a calculator. 
‘The value of bis about 16.4. } 
= 4 
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Exercises 


Use the figure at the right for Exercises 1 and 2, 


1. Below is the first step of a proof thar 44 = 974 | 
h h 
| ” ai ab 
] Complete the proof. 


2. Below are the first three steps of a proof that a? = b? + c ~ 2becos A. 
)» PB = it i 
2) @ = (qt+e)? = oP + 2yeQ + oF 
3) —2becosA = —2b(c, + og)b = 2c? — 2eyem 
Complete the proof, 


Use the Law of Sines to find the values of x and y. Round to the nearest tenth. 


y 


Use the Law of Cosines to find the values of x and y. Round to the nearest tenth. 


7. 8. 9. 80 10. 
" “ 
i ae 
19 : 78 
: 5 


Tell whether you would use the Law of Sines or the Law of Cosines to find the value 
of x. Then find the value of x. Round to the nearest tenth. 


1. 12. 13. 14. 
g 6 x 7 x i . 
10 
2 B 
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Vocabulary 


Dm, | You can use an arrow for a vector, as shown by the 


vector corresponds to the distance from the initial point K 
+ magnitude to the terminal point W. ‘Ihe direction corresponds 
* initial point to the direction in which the arrow points. 
* terminal point 
* resultant You can also use an ordered pair (x, y) in the 


524 


Spynamichciviny\ Vector isany quantity with magnitude (size) and 


Adding Vectors 


Vectors 


Objectives To describe vectors 
To solve problems involving vector addition 


You and your friends like to ride the bumper cars at an amusement park 
You play a game in which you try to bump one another's cars into the wall 
The first car to bump another car into a wall wins the game. Below is a 
diagram of a game just before a car wins. Assume that the cars move at 
What's your about the same speed, Which car most likely wins the game? Explain 
strategy for 
winning? Pay 
close attention 
to the key ideas 
that can help you 
become a champion 
“bumper.” 


direction. In the Solve It, a car's speed and direction Magnitude 
together represent a vector, There are also many 
other models for a vector. 


velocity vector KW in the photo. The magnitude 


coordinate plane for a vector. The magnitude and 
direction of the vector correspond to the distance 
and direction of (x, y) from the origin. 


You can use 


ent 
vectors to model motion and direction. 
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Plan 
How can you use the 
? 


The vector and the x-axis 
form aright triangle. 

You know the length of 
the hypotenuse and the 


measure of one acute 
angle, 


Plan 

How do you start? 
Look at the given 

angle in relation to the 
north-south line (vertical) 
or the west-east line 
(horizontal), 


@ eu Describing a Vector 


Coordinate Geometry What is ‘OL asan ordered pair? 
Round the coordinates to the nearest tenth. 


Use the sine and cosine ratios to find the values of x and y. 


cos 50° = & Write the ratios. sin 50° = & 
65(cos 50°) Solve for x and y. y = 65(sin 50°) 


= 41,78119463 Use a calculator. = 49.7928888 
Lis in the fourth quadrant, so the y-coordinate is negative. OL ~ (41.8, 49.8). 


Got It? 1. Whatis the vector at the right as an ordered pair? Round 1 
the coordinates to the nearest tenth. 


In many applications of vectors, you use the compass directions north, south, east, and 
west to describe the direction of a vector. 


— de cuie» Describing a Vector Direction 


What is the direction of each vector using compass directions? 


5 s 


‘The angle is below (south) ‘The angle is to the right (east) 
the west-east line, on the of the north-south line, on 
east side. The vector is the north side. The vector is 
25° south of east. 35° east of north, 


@ Got It? 2. a, Whatis the direction of the vector at the right? 
b. Reasoning Is there more than one way to describe w 


the direction of this vector? Explain. 97 


ofy x 
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Lesson 8-5 Vectors 


‘You can find the magnitude and direction of a vector when the vector is described as an 
ordered pair. 


[OJ problem 3] Finding the Magnitude and Direction of a Vector 


Multiple Choice An airplane lands 40 km west and 

25 km south from where it took off. This trip can be 
described by the vector (—40, —25). What are the 
approximate magnitude and direction of its flight vector? 
@® 47 km at 32’ south of west 

@] 47 km at 58° south of west 

© 2225 km at 32° west of south 

D 2225 km at 58° west of south 


Think Write 
‘The magnitude is the distance 
‘from the initial point to the / d= V(-40 — oy + (-25'— oy 
terminal point, Use the = 
Distance Formula to find the = V1600 + 625 
distance between (0, 0) and 
(-40, -25). = NCES 

= 47.16990566 

‘The vector is x° south of west. 25 
Use the tangent ratio to find / tan x° = 40 
the angle formed by this vector, . 
Use a calculator to find the 


inverse tangent, 
~ 32,00538321 


‘The airplane flew about 47 km at 32° south of west. The correct answer is A. 


@ Got It? 3. a. An airplane lands 246 mi east and 76 mi north from where it took off. 
What are the approximate magnitude and direction of its light vector? 
b. Reasoning Cana vector have a negative magnitude? Explain. 


You can use a single lowercase letter, such as T, to 
name a vector. 


‘The map at the right shows vectors representing a flight from 
Albuquerque to Salt Lake City, with a stopover in Flagstaff. 
‘The vector from Albuquerque to Salt Lake City is the sum, 

or resultant, of the other two vectors. You write this as 
WHt+v. 
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You can add two vectors by adding their coordinates. You can also show the sum 
geometrically. 


Ford = (x,,y,) and & = (x,y), 


a+ = (x + xy y + Yo) 


Adding Vectors 


Vectors @ and ¢ are shown at the right. t = (—4, -3) and @ = (1, -2). 
Whatis the resultant € of the two vectors as an ordered pair? Draw €. 


@=a+e 
= (-4, -3) + (1, 2) 
= (-4 + 1,-3 + (~2)) Add the coordinates. 
= (-3, -5) Simplify. 
(3, ~5) is the resultant. 


Think 
Is the resultant a 
int? 


No. Remember that 

(-3, -5) represents - 
the vector that starts at Step 1 Draw a. 

‘the origin and ends at - - 

(3, -5). — 

‘Step 2 Start at the terminal 

a. Redraw € 


Step 3 Draw é from the initial 
point of a to the 
terminal point of €. 


@ Got It? 4. Whatis the resultant of (2, 3) and (~4, ~2) as an ordered pair? 


vectors occur in sequence, as in the airplane in this direction 


flight described on the previous page. and at this speed 


A vector sum can show what happens when [ Acanoe traveling 
| «hits this current | 


Avector sum can also show what happens 
when vectors act at the same time. When you 


row a boat in water that has a current, you on and ends up 

might paddle in a direction different from that traveling in this 

of the current, direction and at 
this speed, 
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g ENCED Applying Vectors 


Boating Your friend invites you to go boating on 

the river in a powerboat. ‘the speed of the 
powerboat in still water is 35 mi/h. The river 

flows directly south at 8 mi/h. If the powerboat 
heads directly west, what are the boat’s approximate 
resultant speed and direction? 


Step 1 The diagram shows the sum of the two vectors. Use the 
Pythagorean Theorem to find the powerboat’s resultant speed. 


2 = 35? + 8? The lengths of the legs are 35 and 8. 

2 = 1289 Simplify. 

¢ ~ 35.90264614 Use a calculator. 
Step Use trigonometry to find the powerboat’s resultant direction. 
| nv = Use the tangent ratio. 


= tan1(L) Use the inverse of tangent. 


Xx ~ 12.87500156 Use a calculator, 


» 


‘The powerboat's speed is about 36 mi/h. Its direction is about 13° south of west. 


Got It? 5. Reasoning In Problem 5, at what angle should the powerboat head up river 
in order to travel directly west? 


7) Lesson Check 


Do you know HOW? Do you UNDERSTAND? 


Sketch a vector with the given direction. 7. Compare and Contrast What are the similarities 


2 F 2 
4Se*weratiori between rays and vectors? What are the differences? 


8. Reasoning One classmate describes the direction 
ofa vector as 35° south of east. Another classmate 
describes it as 55° east of south. Could they be 
describing the same vector? Explain. 


Error Analysis Your friend says that the magnitude of 
vector (10, 7) is greater than that of vector (~10, ~7) 


2. 12° south of east 


Use a = (6,1), b = (4,4), and @ = (2,5) to find each of 
the following. 


3. the magnitude of = 


4. the magnitude of B because the coordinates of (10, 7) are positive 
Sauk and the coordinates of the (~10, ~7) are negative. 

Explain why your friend's statement is incorrect. 
6c+a 
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g 
Al 


Prac! 


rractice 


e and Problem-Solving Exercises 


Describe each vector as an ordered pair. Round the coordinates to the @ See Problem 1. 
nearest tenth. 
10. ty 1". 
900, 
48 x 

0 
Use compass directions to describe the direction of each vector. @ See Problem 2. 
13. N 14, N 15. N 

wt : w E w E 

20° 40° 
s s s 


Sketch a vector that has the given direction. 


16. 50° south of east 17. 20° north of west 18. 45° northeast 
19. 70° west of north 20. 45° southwest 21. 10° east of south 
22. History Homing pigeons have the ability or instinct to find their way home @ See Problem 3. 


when released hundreds of miles away from home. Homing pigeons carried 
news of Olympic victories to various cities in ancient Greece. Suppose one such 
pigeon (ook off from Athens and landed in Sparta, which is 73 mi west and 64 mi 
south of Athens, What are the magnitude and direction of its flight vector? 


Find the magnitude and direction of each vector, 


24, 25. 


26. Backpacking ‘The sophomore class at your high school went on a backpacking trip. 
One morning, the group left the base camp to hike 11 km due north and 11 km due 
east. What are the distance and direction of the group's hike that day? Round each 
to the nearest tenth, 
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Write the resultant of the two vectors as an ordered pair. @ See Problem 4, 
27. (2,1) and (—3, 2) 28. (0,0) and (4, —6) 29. (—1, 1) and (—1, 2) 


For Exercises 30-35, (a) write the resultant of the two vectors as an 
ordered pair and (b) draw the resultant. 


36. Navigation A ferry shuttles people from one side of a river to the other. The @ See Problem 5. 
speed of the ferry in still water is 25 mi/h. The river flows directly south at 7 mi/h. 
a. ‘The ferry heads directly west across the river. What are the resulting speed and 
direction of the boat? Round (o the nearest tenth, 
b. Atwhat angle should the ferry head upriver in order to travel directly west? 


37, Aviation A twin-engine airplane has a speed of 300 mi/h in stil air. Suppose this 
airplane heads directly south and encounters a 50 mi/h wind blowing due east. 
Find the resulting speed and direction of the plane, Round to the nearest unit. 


Apply 38. Writing Use the diagrams below to write a definition of equal vectors. 


© 


‘These vectors are equal. No two of these vectors are equal. 


39, Writing Use the diagrams below to write a definition of parallel vectors. 


‘These vectors are parallel, No two of these vectors are parallel. 


530 Chapter 8 Right Triangles and Trigonometry 


40. Think About a Plan A Red Cross helicopter takes off 
and flies to deliver some relief supplies, Then the 
helicopter flies to another location to pick up three 
nurses. The helicopter’s flight path is shown, What is. 
the helicopter’s distance from its point of origin? 
Round to the nearest kilometer. 
© What information does the diagram give you? 

* What do you know about the angle formed by 
the two parts of the trip? 


Give the sum of @ and 5. Draw @ and b and their sum in the coordinate plane. 
41. a = (-5,-2),b = (2,-5) 42.8 = (5,-2),b = (-5,-2) 43. a = (5, -5),b = (-2,2) 


44, Open-Ended Name four other vectors with the same magnitude as (~7, ~24). 
45. Use tf = (2,4), ¥ = (3,1), and W = (5, =1). 


a. Findd + ¥and¥ + @. b. Finda + (¥ + W)and(@ +¥) + Ww. 
¢. Make a Conjecture Which properties of real number addition seem to hold true 
for vector addition? 


d. Prove your conjecture algebraically and geometrically. 


46. Aviation An airplane takes off from a runway in the direction 10° east of south. 
When it reaches 5000 fi, it turns right 45°. It cruises at this altitude for 60 mi, Then 
it turns left 160°, descends, and lands. Match each vector with the appropriate 


portion of the flight. 
LooN uN. N i N 
w E w E 
w E 
s s s 


A. ‘The plane takes off. B. The plane cruises. C. The plane lands. 


47. Aviation ‘The cruising speed of one model of commercial jet in still air is 530 mi/h. 
Suppose that this jet is cruising directly east when it encounters an 80 mi/h wind 
blowing 40° south of west. 

a. Sketch the vectors for the velocities of the airplane and the wind. 
b. Express both vectors from part (a) in ordered pair notation. 

¢. Find the sum of the vectors from part (b). 

d. Find the magnitude and direction of the vector from part (c). 


48. Navigation A fishing boat leaves its home port and travels 150 mi directly east. 
It then changes course and travels 40 mi due north, 
a. In what direction should the boat head to return to its home port? 
b. If the boat averages 23 mi/h, how long will the return trip take? 


Vectors 


49. Multiplying Vectors Suppose you ride your bike 5 mi on a bike path. Your friend 
rides 10 mi on the same path in the same direction. If W represents your bike 
ride, then 2W represents your friend's bike ride. This is an example of scalar 
multiplication of vectors. Suppose W = (2,4). 

a. Describe 2W as an ordered pair. 

b. Find the magnitudes of W and 2W. What is their relationship? 

¢. Based on your results for parts (a) and (b), what is the effect of multiplying a 
vector by a constant? Explain, 


Qrattenge 50, Geometry in 3 Dimensions A hot-air balloon traveled 2000 ft north and 900 ft 


east, while rising 400 ft, This trip can be described with the three-coordinate vector 
(2000, 900, 400). What is the magnitude of the vector? What is the angle of elevation 
of the balloon from its starting point? 


51. Writing ‘Think of the number zero and its properties. Define a zero vectorand 
justify your definition, 


Standardized Test Prep (ERITDDED RESPONSE 


SATIACT 52. A boat heads due east directly across a river at 30 ft/min. 30 fumin 


532 


‘The river flows south at 20 ft/min. To the nearest ft/min, what 
is the resultant speed of the boat? 
20 ft/min 


53. The lengths of the legs of a right triangle are 6 and 11. To the 
nearest hundredth, what is the length of the hypotenuse? 


54. ‘The medians AE, BF, and CD of AABC intersect at G. If GD = 4, what is CD? 


55. The circumference of a circle is 24 mm, To the nearest tenth of a mm, what is the 
radius of the circle? Use 3.14 for x. 


Mixed Review 


56. Indirect Measurement A hot-air balloon pilot sights the landing field froma 4 See Lesson 8-4. 
height of 2000 ft. The angle of depression is 24°. To the nearest foot, what is the 
ground distance from the hot-air balloon to the landing field? 

57. Is the quadrilateral with vertices A(—1, —5), B(6, 5), C(9, 3), and D(2, 3) a @ See Lesson 6-7. 
parallelogram? Explain, 


Get Ready! To prepare for Lesson 9-1, do Exercises 58-63. 


AABC = AEFG. Complete the congruence statements. @ See Lesson 4-1. 


BOF 
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To solve these 
problems, you 
will pull together 
many concepts 
and skills that 
you have studied 
about right 
triangles and 
trigonometry. 


Pull it All Together 


BIG idea Measurement 
You can use the Pythagorean Theorem or trigonometric ratios to find side lengths or 
angle measures of a right triangle. 


Task 1 


The diagram below shows equilateral AABC sharing a 8 
side with square ACDE. The square has side lengths of 4. 
What is BE? Justify your answer. 


G idea Similarity 
You can use trigonometric ratios to find the lengths of the sides of right triangles. 


Task 2 


A construction crew wants to hoistaheavy (00 = SS 
beam so that it is standing up straight. They 

tie a rope to the beam, secure the base, and 

pull the rope through a pulley to raise one 


end of the beam from the ground. When 
the beam makes an angle of 40° with the 
ground, the top of the beam is 8 ft above 
the ground 

‘The construction site has some telephone 
wires crossing it, The workers are 
concerned that the beam may hit the wires. 
When the beam makes an angle of 60° with 


the ground, the wires are 2 ft above the top 
of the beam. Will the beam clear the wires 
on its way to standing up straight? Explain, 


bes 4 
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Connecting BIG ideas and Answering the Essential Questions 


1 Measurement 
Use the Pythagorean 
Theorem or trigonometric 
ratios to find a side 
length or angle measure 
of a right triangle. 


2 Similarity 
A trigonometric ratio 
compares the lengths 
of two sides of a right 
triangle. The ratios 
remain constant within 
a group of similar right 
triangles. 


3 Coordinate 
Geometry 
A vector is any quantity 
with magnitude and 
direction. You can 
represent a vector in the 
coordinate plane with an 
ordered pair. 


The Pythagorean Theorem (Lesson 8-1) 


a+ P= 


Trigonometry (Lesson 8-3) 

SA) | 

adjaceat_ Adjacent 
e toc A 


Hypotenuse 


opposite 


( Gppaste zae 


tan A = adjacent 


Vectors (Lesson 8-5) 
vector (x, y) 
magnitude: Vx? + y* 


direction: a° north of east 


Chapter Vocabulary 


ngle of depression (p. 516) 
* angle of elevation (p. 516) 
* cosine (p. 507) 

+ initial point (p. 524) 


+ magnitude (p. 524) 

* Pythagorean triple (p. 492) 
= resultant (p. 526) 

«sine (p. 507) 


Choose the correct term to complete each sentence. 


Special Triangles (Lesson 8-2) 
45 d 
a b 


c=av2 


Angles of Elevation 
and Depression (Lesson 8-4) 


* tangent (p. 507) 

« terminal point (p. 524) 

« trigonometric ratios (p. 507) 
* vector (p. 524) 


1. Any quantity that has magnitude and direction is called a(n) _?_. 
2. A(n) _?_ is formed by a horizontal line and the line of sight above that line. 
3. The sum of two vectors isthe _?_. 


4. A set of three nonzero whole numbers that satisfy a + b? = 2 forma(n) _? . 
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8-1 The Pythagorean Theorem and Its Converse 


Quick Review Exercises 
‘The Pythagorean Theorem holds true for any right triangle. Find the value of x. If your answer is not an integer, 
(leg)? + (lega)? = (hypotenuse)? express it in simplest radical form. 
@+ead 5. 4 6. 
‘The Converse of the Pythagorean Theorem states that B = 
ifa? + b* = C2, where cis the greatest side length of a 16 Ty 
, 
triangle, then the triangle is a right triangle. 
Example 
What is the value of x? th 8. 
Pythagorean Theorem SEN y 9 
20 
Substitute. | 
o+—-~ 7 
Simplify. 2 
x= 16 Take the square root. 2 
8-2 Special Right Triangles 
Quick Review Exercises 
45°-45°-90° Triangle Find the value of each variable. If your answer is not an 
hypotenuse = V3 - leg integer, express it in simplest radical form. 
30°-60°-90° Triangle 9. 10 Se] 
hypotenuse = 2 - shorter leg d y yi 
longer leg = V3 - shorter leg a 
« : 4° 


Example : 


What is the value of x? 11. 12. 
“The triangle is a 30°-60°-90" triangle, 6 Aa 
and xrepresents the length ofthe 29 we cq y 
X 
O oO 
x 


longer leg. 
longerleg = V3 - shorter leg 5 
x= 20V3 
13, A square garden has sides 50 ft long. You stretch 
a hose from one corner of the garden to another 
corner along the garden’s diagonal. To the nearest 
tenth, how long is the hose? 
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8-3 and T igonometry and Angles of Elevation and Depress ion 


Quick Review 

In right A ABC, Cis the right angle. A 
sin 2a = eB opposite ZA ‘Adjacent| Hypotenuse 

hypotenuse Mee 

leg adjacent to 2A 

hypotenuse 
leg opposite 2A 
Jeg adjacentto 2A 


cos ZA = Opposite ag 


tan 2A = 


Example 
What is FE to the nearest tenth? D F 


You know the length of the hypotenuse, 
and FE is the side adjacent to 2B. Nar 


cos4i° = E Use cosine, 


FE = 9(cos 41°) Multiply each side by 9. 
FE~68 Use a calculator. 


8-5 Vectors 


Quick Review 
A vector is any quantity that has magnitude and direction. 
You can describe a vector by an ordered pair or by its 
magnitude and direction, 

‘The sum of two vectors is the resultant. You can add vectors 
by adding their coordinates. 


Example 
What is the magnitude of the vector? N 
d= V5 — 0 + (150-0? w =r 
V 28125 ied 
1150 mi 
= 167.7050983 1 
s \ 


‘The magnitude is about 168 miles. 
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Exercises 
Express sin A, cos A, and tan A as ratios. 
14.0 iB 15. 4 
219 2 Ps 20 
c wm OA 
(i anes 


Find the value of x to the nearest tenth. 


16. 17. 
22 


36 
¥ 


18. While flying a kite, Linda lets out 45 ft of string and 
anchors it to the ground. She determines that the 
angle of elevation of the kite is 58°. What is the height 
of the kite from the ground? Round to the nearest 
tenth. 


Exercises 


Find the magnitude and direction of each vector. Round 
to the nearest tenth. 


19. 50km N 20. 


21, Find the sum of the vectors at the 
right. Express your answer as an 
ordered pair. 


=2 Jo} 
22. Navigation A whale-watching boat 38 
leaves port and travels 12 mi due 

north. Then the boat travels 5 mi 
due east. In what direction should 


the boat head to return directly to port? 


~ | Chapter Tes 
xa 


~ 


Do you know HOW? 


Algebra Find the value of each variable. Express your 
answer in simplest radical form. 


1, 2 
5 x 5 Fs 
1 B 
3. 4. 
¥ " x y 
O30 
12 


Given the following triangle side lengths, identify the 
triangle as acute, right, or obtuse. 


5. 9 cm, 10, cm, 12, cm 
6.8m, 15m, 17m 
7. 5in., 6 in., 10 in. 


Express sin B, cos B, and tan B as ratios. 


2 A 
vB} NY 
cis 


Find each missing value to the nearest tenth. 


11. sin 34° = 


0 — 12 
12. cos m° = 2 


13. A woman stands 15 ft from a statue. She looks up at 
an angle of 60° to see the top of the statue. Her eye 
level is 5 ft above the ground. How tall is the statue to 
the nearest foot? 


eo MathXL’ for School 
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Find the value of x. Round lengths to the nearest tenth 
and angle measures to the nearest degree. 


14, 15. 
7 ze | 
16. 7 27% 
a 9 19 


Find the magnitude and direction of each vector. 
Round to the nearest tenth. 


1% oy 
i 
1150 mh 
w—/ - 4 E 
90 mh 
s 


20. Describe the resultant of the 
vectors as an ordered pair. 


19. 


2 


|. Acanoe heading 30° west 
of north is paddled at a 
rate of 7 mi/h. The current 
pushes the canoe 20° south 
of west ata rate of 3 mi/h. Find the approximate 
resultant speed and direction of the canoe. 


Do you UNDERSTAND? 

22. Writing Explain why sin x° = cos (90 — x)°. Include 
adiagram with your explanation, 

23. Open-Ended Write the coordinates for three vectors 
with the same direction as (3, 4), Explain how you 
found your answers. 

24, Reasoning Ifyou know the measures of both acute 
angles of a right triangle, can you determine the 
lengths of the sides? Explain. 
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(TAPS POR SUOEOQEHSS 


Some test questions require 


you to use relationships in right | Every day, Michael goes for a run through 
triangles. Read the sample |_ the park. The parkis shaped like a square. 
He follows the path shown by the arrows. 


About how far does Michael run? 


question at the right. Then 
follow the tips to answer it. 


Think It Through 

Ina right isosceles triangle, 

the length of the hypotenuse 

is V2 times the length of a leg. 
So the distance Michael runs is 


Vocabulary Builder 


Asyou solve test items, you must understand 
the meanings of mathematical terms. Choose 
the correct term to complete each sentence. 


I. Ina right triangle, the (sine, cosine) of an 
acute angle is the ratio of the length of the 
side opposite the angle to the length of the 
hypotenuse. 


I. Polygons that have congruent corresponding 
angles and corresponding sides that are 
proportional are (similar, congruent) polygons. 


I, Angles of a polygon that share a side are 
(adjacent, consecutive) angles. 


IV. A (proportion, ratio) is a comparison of two 
numbers using division. 


-—200m, 200 + 200 + V2(200) ~ 682.8. 
@® 282.8m © 6828m ‘The correct answer is C. 
@® 600m @D 800m 
Multiple Choice 


Read each question. Then write the letter of the correct 
answer on your paper. 


1. What is the approximate area of 
the rectangle at the right? 
@® 12cm? 2 
&D 75cm? 
@ 63cm? 
@D 45cm? 


2. AABC has AB = 7, BC = 24, and CA = 24. 
Which statement is true? 


& AABC isan equilateral triangle. 
@® AABC isan isosceles triangle. 
@D ZCis the largest angle. 

@D ZBisthe smallest angle. 


8om 


: 


ere 


3. From the top of a 45-fc-tall building, the angle of 
depression to the edge of a parking lot is 48°. About 
how many feet is the base of the building from the 
edge of the parking lot? 


@® sok © w7 ft 
@® 405 ft @® BV? 


4. What is the converse of the following statement? 
Ifyou study in front of the television, then you do not 
score well on exams. 

@® Ifyou do not study in front of the television, then 
you score well on exams. 

©® Ifyou score well on exams, then you do not study 
in front of the television, 


@® Ityou do not score well on exams, then you study 
in front of the television. 


® Ifyou study in front of the television, then you 
score well on exams. 


5, What are the values of x and of yin the parallelogram 


below? 

@D x= 3,y=5 ae 

BD r=Gy=10 gy _ss -y 
OD x=6y=14 

D xr=2y=2 x2 


6. In AHTQ, if mZH = 72 and mZQ = 55? what is 
the correct order of the lengths of the sides from least 
to greatest? 


® 72, 4Q HT 
@ 1QH1, HQ 
BD HQ HT, TQ 


D HQ 1QuT 


7. 1fm2Z2 = m2Z3, which statement must be true? 


D®D em @Diie 
Diim GD mZ1= m22 
8. A bike messenger has just been asked to make an 
additional stop. Now, instead of biking straight from 
the law office to the court, she is going to stop at City 
Hall in between. Approximately how many additional 


miles will she bike? 
Tar 
Keston Old route fac 


® mi D 2mi 
®D 06 mi @D 34mi 
9. Which set of numbers CANNOT be the lengths of the 
sides of a right triangle? 
DIAS © 6,8,12 
@® B,15,17 D 7, 24,25 
10. What is the value of y? 
Be 
@ sv2 4 
Ds 
@ v3 ee 
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GRIDDED RESPONSE 


11. A roofer leans a 20-ft ladder against a house. The base 
of the ladder is 7 ft from the house. How high, in feet, 
on the house does the ladder reach? Round to the 
nearest tenth of a foot. 


12. A ship's loading ramp is 15 ftlong and makes an angle 
of 18° with the dock. How many feet above the dock, to 
the nearest tenth of foot, is the ship's deck? 


15 ft 


13. What is the value of xin the figure below? 


a ZS 


14, The measure of an interior angle of a regular polygon 
is 135, How many sides does the polygon have? 


15. A front view of a barn is shown. ‘The doorway is a 
square. Using a scale of 1 in. :7 ft, whatis the height, in 
feet, of the bar's doorway? 


Short Response 
18. In the trapezoid at the right, A D 


BE = 2x ~ 8, DE = x ~ 4,and ERX 
AC =x +2. é 


a. Write and solve an equation 
for x. 
b. Find the length of each diagonal. 


19. Use the diagram below. 
B 


25 


ae 
A (3 D 


a. Find the measures of 2CBD, 2 CBA, and 2 BAC. 
b. Find BC, AD, and AB to the nearest tenth, 


Extended Response 


20. A clothing store window designer is preparing a new 
window display, Using the lower left-hand corner of the 
window as the origin, she marks points at (1, 7), (4, 3), 
(9,3), (12, 7), and (6.5, 11). The designer uses tape to 
connect the points to form a polygon. Is the polygon an 
equilateral pentagon? Justify your answer. 


21. A youth organization is designing a 25 in.-by-40 in, 
rectangular flag, as shown below. The designers want 
the shaded triangles to be similar. 


A 40 B 
E 
20] 25 
tin. thin, 
I 5 in. ——-| D as 
16. In a 30°-60°-90° triangle, the longer leg measures a. What should DF be in order to make 
~ ACBA? 
56 V3 cm. How many centimeters long is the ARDF’'~. ACHAT Explain your reasoning. 
hypotenuse? b. In square inches, how much dark fabric do the 
designers need? How much light fabric? 
17. The measure of an angle is 12 more than 5 times its ¢. Are the hypotenuses of the two triangles 
complement. What is the measure of the angle? parallel? How do you know? (Hint: Use 
corresponding angles.) 
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